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SUMKARY

The goals of this research contract are to examine the primary action of
Sh{iella dysenteriae 1 toxin as an inhibitor of eukaryotic protein
biosynthesis. Two major objectives of this investigation are designed to
reveal Shiga toxin-induced changes in ribosome structure-function relation-
ships. These objectives are 1) to explain, in biochemical terms, the manner by
which Shiga toxin enzymatically inactivates mammalian ribosomes and 2) to
define the steps of protein biosynthesis which are specifically inhibited by
the toxin as a result of ribosome modification. A comparsion between Shiga
toxin and a similar plant-derived toxin is to be made in regard to ribosome
inactivation. It is likely that information obtained from these studies will
be of value in describing the role of Shiga toxin in establishment of
intestinal infections by the toxin-producing Shigella species. In this
contract period we have shown that Shiga toxin is an inhibitor of peptide
elongation in reticulocyte protein synthesis. More exactly, we have demon-
strated that Shiga toxin specifically inhibits aminoacyl-tRNA binding to
ribosomes, a step catalyzed by protein synthesis elongation factor 2. Changes
in ribosome structure as a result of toxin action was also investigated during
the present contract period. It has been determined that Shiga toxin does not
cause hydrolysis of ribosomal RNA to yield fragments larger than 10 nucleo-
tides. Recent studies involving RNA sequencing indicate that the 3' terminal
region of 5.8S ribosomal RNA remains intact following toxin inactivation of
ribosomes. Examination of the 5' and 3' termini of the other ribosomal RNA
species is in progress. Finally, comparative analysis of ribosomal proteins
from control and toxin-treated ribosomes using the two-dimensional gel electro-
phoresis technique has resulted in identical patterns. 'It is concluded that:
1) Shiga toxin is an inhibitor of protein synthesis elongation and is without
effect on the initiation process, 2) Shiga toxin does not hydrolyze ribosomal
RNA into larger fragments and 3) the toxin does not result in modification of
ribosomal proteins which would cause a major change in their mass or iso-
electric points.

FOREWORD

In conducting the research described in this report, the investigator
adhered to the "Guide for the Care and Use of Laboratory Animals", prepared by
the Committee on Care and Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Council (DHEW Publication No.
NIH-78-23, Revised, 1978).



BODY OF THE REPORT

Statement of the Problem

1. Shiga toxin, as a documented inhibitor of mammalian protein biosynthesis,
may specifically affect individual functional steps in the overall
process.

2. The toxin, known to inactivate large ribosomal subunits, may interact with
and modify a protein or RNA component of the ribosome.

3. Toxin-induced structural modification of the ribosome may be responsible
for the change in ribosome protein biosynthetic activity.

4. Because the process of eukaryotic cytoplasmic protein biosynthesis is
virtually identical in all mammalian cells and tissues, it is likely that
information obtained from this study will be pertinent to Shiga toxin mode
of action in intestinal tissues invaded by toxigenic Shigella.

Technical Objectives

1. Describe, in biochemical terms, how purified Shiga toxin inhibits
mammalian protein biosynthesis.

2. Identify the individual functional steps of protein synthesis which are
inhibited by Shiga toxin.

3. Determine if the toxin-induced alteration in sub-cellular ribosome
function is due to a structural modification of the ribosome.

4. Compare data from above with existing information on plant-derived toxins
which resemble Shiga toxin mode of action at ribosome level.

Background

It was established early on that a proteinaceous toxin is produced by the
pathogen Shigella dysenteriae 1 (1). However, the relationship of the toxin
and pathogenic properties of Shigella bacilli remains to be fully determined.
During infection, Shigella penetrates the bowel epithelium and causes intes-
tinal lesions (2). It has been sugggested that a toxin produced by Shigella
dvsenteriae I is responsible for eliciting host responses to the pathogen
(3,4). Host responses to Shigelia include fluid production by ileal loops, in
vitro, and diarrhea, in situ (4).

Moreover, a further understanding of Shiga action in the disease process
would be aided by a series of investigations utilizing purified toxin. With
partially purified toxin, several concepts pertinent to Shiga toxin function
have become known. It appears that Shiga toxin is cytotoxic to several cell
lines including HeLa human cervical carcinoma and WI-38 human fibroblasts
(5-8). In addition, the relative activity of Shiga toxin in cell cultures is
parallel to that in the rabbit ileum test system (6). From these data one
might hypothesize that Shiga toxin is a non-selective agent which manifests its
toxic properties on a wide array of cell and tissue types. However, recent



reports indicate that toxin from S. Shigae exhibits high-affinity binding to a
limited number of cell types (8,9). This strongly suggest that the toxin
resembles other well-known microbial-derived toxins (i.e., diphtheria toxin,
cholera toxin and Pseudomonas exotoxin A) which bind with high affinity (Kd =
10-10 M) to receptors on cells (10).

All of the above mentioned toxins appear to be potent inhibitors of
protein biosynthesis in eukaryotic cells. It is generally accepted that
clinical symptoms associated with these toxin-producing bacteria are, in part,
a result of their effect on protein synthesis. To go one step further, it has
been suggested that Shiga toxin also elicits different physiological responses
in the host target by virtue of its ability to efficiently inhibit protein by
biosynthesis (11). Indeed, there is ample evidence indicating that Shiga toxin
has, as its primary action, the inhibition of protein biosynthesis in whole
animals (12) cell cultures (8,11) and cell-free lysates (11,14). It seems
clear that ribosomes are the primary target of Shiga toxin and more recent
results inoicate that the large ribosomal subunit of eukaryotic cells are
specifically affected (15). At this time, virtually nothing is known about the
ribosomal component which is modified by Shiga toxin.

It is conceivable that such information would be used to advantage in
design of a mode of therapy for Shiga toxin based on information regarding the
ribosomal substrate. In addition, these studies should lead to implementation
of a new molecular assay for Shiga toxin which would have great sensitivity and
specificity.

Shiga toxin has been purified to apparent homogeneity from S. shigae
(9,16) and S.dvsenteriae 1 (17,18). The holotoxin from both sources has an
approximate molecular weight of Mr - 70,000 (9,18). Structural analysis of
S. shigae toxin (9) indicates its similarity to cholera toxin; Shiga toxin has
a single larger peptide of Mr = 30,000 and multiple copies of a smaller
peptide (Mr = 5,000). It is also apparent that Shiga toxin resembles other
multicomponent proteinaceous toxins (19) by having catalytic toxicity and cell
binding specificity functions located on distinct peptides. That is, the
larger peptide (subunit "A") is catalytic while smaller peptides (subunit "B"),
appear to infer binding specificity properties of the holotoxin.

Approach to the Problem

a. General Information

It seems very possible that Shiga toxin could share many of the features
of the plant-derived phytolaccin toxin as an inhibitor of protein biosynthesis
(24). Our research plan is designed to examine the action of Shiga toxin in
the test systems we have successfully employed in the study of plant toxin mode
of action. These investigations were designed , in part, because the Principal
Investigator has had extensive experience in preparation and use of protein
synthesis assay systems which would be useful in carrying out the Shiga toxin
study (22-25).

The primary objective of this project is to describe, in biochemical
terms, how Shiga toxin inhibits protein biosynthesis in mammalian cells.



To achieve this goal, two aspects of protein synthesis will be examined in
reticulocyte (rabbit) cell-free protein synthesis systems. First, it will be
determined what steps of protein synthesis (i.e., initiation or elongation) are
affected by Shiga toxin. Second, we will determine how Shiga toxin inactivates
mammalian ribosomes. More exactly, as Shiga toxin is known to specifically
inactivate the large ribosomal subunit, a goal of this research plan is to
determine how Shiga toxin modifies the structural integrity of the ribosome.
Components of the large ribosomal subunit including its 47 proteins will be
monitored for changes resulting from Shiga toxin action. The following is an
abbreviated description of methodology to be used in the study of Shiga toxin
mode of action as an inhibitor of protein biosynthesis. Abbreviations
appearing include:

rRNA - ribosomal ribonucleic acid
rprotein - ribosomal protein
tRNA - transfer ribonucleic acid
mRNA - messenger ribonucleic acid
EF I - elongation factor I which is the aminoacyl-transfer RNA binding
factor

EF 2 - elongation factor 2 which is the translocase factor
eIF- eukaryotic initiation factor
Met-tRNAf - initiator methionyl-tRNA
GTP - quanosine triphosphate
DTT - dithiothreitol, a reducing agent
polysome - a mRNA molecule with 3+ ribosomes attached
80S ribosome - ribosome comprised of 60S and 40S subunits
60S, 40S ribosome - large and small ribosomal subunits, respectively
TCA - trichloroacetic acid

b. Initiation of protein synthesis

The following section is a description of refined initiation assays which
are included in the research plan. it should be emphasized that we intend to
examine, in detail, only those reactions affected by toxin as indicated by
combined data from lysate and partially fractionated globin protein
biosynthesis systems.

Initiation of protein synthesis consists of a series of reactions
involving 3t least 8 initiation factor proteins, methionyl-tRNAf, G'fTP, ATP.
mRNA and ribospmal subunits. These reactions appear to occur in a defined
sequence 3s shown (26). Our plan is to study the effect of toxin on for-nation
of initiation complexes in an unfractionated reticulocyte lysate. Rationale
for the assav is that exogenously added, laboratory-synthesized
[35SMet.-tRNAf will take part in initiation following the "Scheme A"
(Page 9). However, should toxin block one or more of these steps, the
[35 5]Met-tRNAf will accumulate in an intermediate complex. Each of
these complexes can be detected and identified by either separation on sucrose
gradients following centrifugation, or by collection on nitrocellulose filters.
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c. Elongation of Protein Synthesis

The three steps involved in peptide elongation are 1) binding of
aminoacyl-tRNA to the ribosome, 2) formation of a peptide bond between amino
acids in the growing protein catalyzed by peptidyl transferase and 3)
translocation of peptidyl-tRNA from one site to another site on the same'
ribosome. All of these steps will be monitored in the absence and presence of
Shiga toxin as described below. Although it seems inappropriate to give a
complete description of the elongation process in this report, it should be
pointed out that each of these individual steps in elongation may be monitored
in one or more ways by utilizing radioactivity probes in each of the different
components that take place in the reactions. During our experience with these
assays, we have been able to describe the site of action of several rather
specific inhibitors of eukaryotic protein synthesis (22-24).

The assay systems measure: 1) binding of aminoacyl-tRNA to the ribosome,
2) translocation of aminoacyl-tRNA on ribosomes, 3) Ef-2"GDP-ribosome
complex formation, 4) EF-1 and EF-2 GTPase activity and 5) peptidyl transferase
activity.

d. Ribosomal Proteins

All of the 48 r-proteins found in 60S ribosomal subunits are separable by
two-dimensional gel electrophoresis (26-28). This procedure will be used for
our examination of the 60S subunit acidic and basic r-proteins isolated from
untreated and toxin-inactivated 60S subunits. Proteins extracted from 60S
particles will be separated in the first dimension by their electrophoretic
mobility at pH 8.6 on a cylindrical 8% acrylamide gel. The second dimension
separation is a function of size of r-proteins and is carried out at pH 4.2 in
an 18% acrylamide slab gel (29). Variations in this general description
include acrylamide concentration, pH, voltage, time of electrophoresis, and
ratio of acrylamide to bis-acrylamide. These variations are considered
important because of the possibility that an altered protein from toxin-treated
ribosomes could assume a new co-migration pattern with any of the other
r-proteins.

e. Ribosomal RNAs

Although this section was not included in the initial research plan, we
plan to examine the rRNAs of toxin-treated ribosomes to fully round-out our
examination of toxin action at the ribosomal level. Three rRNA species located
in the 60S ribosome are 5S, 5.8S and 28S rRNAs.



Examination of thez.e rRNAs is accomplished in two parts. First, the size
of rRNAs are analyzed on polyacrylamide gels. This will allow us to detect an
enzymatic hydrolysis of the rRNAs which would yield RNA fragments of 10
nucleotides or larger. Second, the individual RNA species are studied for
modification at their termini by the modern technique of RNA sequencing. In
the latter case, each rRNA type is radioactive labeled with [32p], chemically
hydrolyzed with nucleotide-specific reactions and fragments separated by gel
electrophoresis. Using this technique one can determine the exact nucleotide
sequence at the ends of each RNA.

Results

Summary of Time-Effort and Research Progress

An overview of the initial two-year contract period is presented in Tables
1 and 2. This is designed as a conceptual aid while a more detailed
description of the results obtained are located in the following sections "a"through "f".
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TABLE I Footnotes:

The foll~ving commentary is a statement related to rate of progress.

PART A:

1. These data were obtained rapidly as the study was performed in

reticulocyte lysate preparations which did not require purification

of protein synthesis enzymes.

2. In contrast to the studies above (part Al), extra time was

required to purify elongation factor I(EF-l) from rabbit reticulo-

cytes. The elongation factors EF-l and EF-2 are labile proteins

which have caused moderate difficulty in this part of the project.

Examination of EF-2 dependent reactions underway at this time

indicate Shiga toxin does not inhibit this step in protein

synthesis. Acquisition of a HPLC unit through our recently approved

(fiscal year 1985) DOD-University Research Instrumentation Program

application will afford a more efficienL means of dealing with

puritication of EF-2 protein.

PART B:

3. Examination of the numerous basic (pL=1O) ribosomal proteins

(r-proteins) by 2-D PAGE has gone smoothly. However, the few acidic

r-proteins have yet to be separated.

4. A close lock at 5S, 5.8S and 28S rRNAs from toxin-treated

ribosomes went smoothly until we started RNA sequencing of the 5'

and 3' ends which has been time consuming due the technical

difficulties involved. We remain convinced that the extra time

required to obtain these data is very much worthwhile and is an

integral part of the methodical approach being taken.

5. Crosslinking of toxin to ribosomeb was scheduled as the last of

the projects to be undertaken. 'e have established that solid-state

iodination and reaction of Shiga toxin with these ligands does not

reduce biological activity of the toxin.
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TABLE 2 Footnotes:

PART A:

1. Purified EF-2 protein required for this study, from rabbit

reticulocytes.

2. Partial inhibition was observed in the last step of initiation

which requires 60S ribosomal subunits.

3. Submission to journals: M(manuscript) 1, Biochem. J. (Sept.

1984); M2, J. Biol. Chem. (Oct. 1984); M3, J. Biol. Chem.

4. Negative results obtained required coupling of these data,

obtained early in the project, with positive data on EF-1 reactions

(part A3), completed only recently.

PART B:

5. Separation of basic r-proteins based on mass and net charge at

pH 8.6, 9.6 or 10.6.

6. Includes comparison of Shiga toxin data with those of alpha

sarcin toxin (a known ribosome inhibitor with RNase activity)

serving as a positive control.

7. Based on examination of 5S and 5.8S rRNA; 28S rRNA is present-

ly being examined.

8. Includes examination of rRNA from Shiga toxin-inactivated

ribosomes and of isolated "free" rRNA species exposed dlrectlv to

toxin.

9. Recently established that reaction of photoaffinity ligand to

Shiga toxin does not alter biological activity of toxin (in dark)

a3 and inhibitor of protein synthesis.



a. Initiation of Protein Synthesis: Shg toxin does not inhibit

initiation of mrainlian protein bigM/thesis.

A detailed study ues performed to denrmrine if Rui toxn affected

initiation of eukryotic protein biosynthesis. Results from this series of experiments

ure conclusive; S toxin did not interfere with formation of intermdiate caqiles
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'fls studies were cxducted in either reticulocyte lysates with

endogecous miNA or in assay mixtures containing partially purified initiation factors,

ribosoas, artificial mRNA and initiator [35S ]nthicnylj-t . Most of these cmpa n ts

were prepared in Dr. Obrig's laboratory using established procedures. In the cause of

brevity, reslts fram one such experinent is presented (Table 3). The basis of this

assay is formtion of the final cmplex of initiation resulting from step no. 4 (above)

and its reaction with pu-anyin to yield [3 5S et-purmycin as indicated in step no. 5.

Ship toxin exhibited only a mrginal effect an this assay, indicating the toxin did not

inhibit steps nmnbered 1 through 5, i.e., the entire peptide initiation process.
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Table 3
[35 ]Methionylpuromycin formation irk unfractionated reticulocyte lysate

S35s1, cpm

minus lysate 315
complete, 4*C 265
complete, 37*C 4,315
complete, 37*C, Ship toxin 3,885
complete, 37*C, MCM 560

,
ETR is hemin control repressor, a protein kinase activated in
lysates incubated at 37*C without hemin. ECR phosphorylates
(inactivates) initiation factor elIf 2. HBC was added to the
assay, where indicated, at zero time as a positive control.

100 
100

Protein Synthesis

89

z z0
60 80

O /Enzymatic
\/Ph,. IRNA Binding

403 70

20 60

0.0045 0.045 0.45 4.5 45.0 0 0.0089 0.089 0.89 8. 839.0
SHIGA TOXIN CONCENTRATION. uqimi SHfGA TOXIN COMCEN4TRATION. jqiml#

Fig. 1. Effect of Shiga toxin on Fig. 2. Effect of Shiga toxin on
total protein synthesis and EFl-dependent GT~ase activity
phe-tRNA binding to reticulIo- on reciculocyite ribosomes.
cyte ribosomes.



b. Elonation 9L synthesis: of toxin sp ically inhibit

T eYi-ft b to ribosomes.

eserienes of TMpeimets measured elcatio factor-I (FF)-epende
binding of [IIO*-tJA to isolated reticulocyte ribsres in the prese or abse
of Sip toxin. The phe-tft binding -.as CM and pol-) ep t aod was catalyzed
with puixfied eucaryotic FF1 protein. lie data indicate 3iga toxin has a clar effect
on this reaction (Fig. 1). Interestinly, the potency of S toxin apinst he-tRNA
binding is virtually identical to its relative inibitory activity for overall protein
synthesis as mmsured by [3H]leucne incorporation into globin protein in unfrac-
tioated reticulocyte lysates (Fig. 1).

Other data suprt the cacrept that the primary action of Shiga toxin is on
FF-catalyzed reactions ich rquire intact ribosames. Ie gIase activity asciated

with FF1 protein was also inhibited by Shia toxin in a dcL-dpmdnt meaner (Fig. 2).
These effects of Ship toxin result fram its action on 6CF ribosmal subunits rather than
on F1 directly as excess FF protein cculd not overcome the inhibition.
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affected by either rate-linitn I or sairating ee0~.tl of F-I
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gein synthest tn reticulocyte lyeate reaction mixtures. '4on-
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c. Elongaton of Protein Synthesis: Shi9 toxin appears not to inhibit
elongation factor-2 retions

'Ie most reent data fran our laboratory indicate that Siga toxin has
no effect on U7-2-dep~mdent reactions. An identical concentration of toxin aiamally
inhibits total protein synthesis in reticulocyte lysates. 1lie FF-2 depen t a_ sy 'as a
feasure of (flase activity in a system containing buffer, potassium and nagnesium salts,

and [32p- MG.

d. 2pp toxin does not modify ribosomal proteins

Numlercus attempts were made to reveal a Sh- a toxin-related cange in one
or more of the 6CS ri blx TIa subnit proteins. 1hee proteins were isolated from either
toxin-treated or cont-rol ribsaes and analyzed by 2-D PACE. Separation in the first
d-LLion W3s by net durge, and in the secund difrfsion by protein mass. Results of
typical r-protein petter-ns are presented in Figure 3. Although we ccl~ude that no



toxin-r ated dcies occur in these parameters, it is possible that %W toxin could
Mcoiify the r-proteus in a way Qiuch would not be detectable by this 2-D PAEG procedure.

F &A . Ef fect o itoxin
an r-proteins of 6S ritbo oml

-- - * I It" ts. Reticulocyte polysomes
.- ere incubated %ith (ri't) or

wittynt (left) toxin and S
suufits isolated. The- r--proteins

Sw.--ere extracted and analyzed by 2-D
PAGE~.

e. Ptibosina RK~s: __Lz3toxin does not exhibit M~ase activity similar to

Of ItIx"I7yl PRILMI S TMESIS. T.P. Moran*, T.C. ObcillO

Albany, MY. 12208 anid Wailterlead Ar'my IA1t. gas.., Vashing on,
DC. 20012.

We have obser'ved that Shign toxin appears to affect

oukacyocic protein synthesis by inhibition of the sLino cyl-

FEDERATION PROCEEDINGS thato ba,-sarcin. Sinc th is. .,,o athnti of "-sari involves
hydrolysis of ISS rIUA in 6 -ibolMl bunits. the acti on

(1983) 42: 1808. tochanide oo t ixhibitio as similar to at of -,, .Tox-
in d C Iro'o homogeneity f.L m Gle. dl7 yied. 1. strta

31a0, was p1encubated wnitr 5 d/l fKn-cyplen ULoshptd by
19 Cg/a. phanyothylsulfonyl fluoride. 2.5 2002. ucu a
10 %M d~thiochvieo .roxn- acLvacttOn S i rabbit rtlo c ul
¢yt C pibsoein satrred out by addiition of to ino each

lyIce at crde t iaaide pellen atin lar ratio of loxis to

FEDERATION3 PROEEDNGSom ofar :0. sInce rtue corposm at ~in vLate id

insoluble tiSceS rIM in ly6 priparations as op letely ti-
hit by Si e mor toxin rM .wase soau'ed was e etricte

d

(1983) 42:f8o caontro or oin-btireane riilar ts tatd ayed b poy-

acrl dLitd o aose getl ero ophorelaLd. AlthoIug frsmin

deri0.ed fromei28ubaKe wre obsrve from a-crypi: folloed b

riboceae me hydrolyried o 28b ad ii rRA aIl dateota fei

Sye tle or ac rde ilbosmllet. Thus. itr rap ioaos txI S ti

tai80 atae ribosoms Lis 1:0 "wleie 4incrpoati It acid

Daoll ma-teelinn dl nt h rrlyzei rwAs cofs

intact ribosomes to yield a rtNA fkt as does kipha-msd, a amokn o ribosomal. subunit

inaCtivator an specific Migse. A s-nes of exeiets were carnhrted to deternmie if shiga
toxin possesses MM activity 4ch could expln how it inactivates 60S ribosomal suan its.

Alpia- %w included as a posit~Ire control as this furgal-der-ived toxin is know to
specifically hydrolyze rWNr of intact rib to yield an approximte 500 nurleotide
f nt fro the 3' of 28S RA. Results from one such eeriet are presented

(Fig. 4) We alPha-sarcin cleavag fragent is desiaatedc-s. Shig toxin actin did not

toxIin I I •s Iis i ntii ii i c.i exlins &~it rtvt f ixsrlsbi



result in the faminu of -- or any other r~iA fragnent not present in the control sanples.
RDw results wee undmnged if ribosal RNA from control and toxin-treted ribosares we
ainayzel on PAGE by salver staining (Fig. 4) or by at adicjgrarpiy folloing~ 3-exI labelingith [5'- 32PJ1 ~p and T4 RNA h~.Ritrlzase activity of 9-d toxin protein has bee
observed on free rIR4A aid is presmtly being exmned~ mre closely.

Fi.4. Efet of Shiga toxin an rINA species from,
toxin-treated reticulocyte rikscuies.

28-

CONTROL ALPHIA SIJIGA CONTROL ALPH4A SHIGA
SARCIN TOXIN SARCIN TOXIN

PEiDUREB: RIBOSOMAL SUBUNIITS WERE ISOLATED FROM TOXINJ-

TREATED POLYSOMES (P-100) WITH ANALYSIS OF EXTRACTED
rRNA ON A 2.7% ACRYLM.IDE GEL. IN A POLYPHENYLALANINE

SYNTHESIS ASSAY, 605 RIBOSOIIES TREATED WITH EITHER TOXIN

WERE BIOLOGICALLY IACTIVE IN CONTRAST TO 40S RIBOSOMES

WHICH WERE NOT AFFECTED BY THE TOXINS.



f. Ribosrl MAs: R toxin does not reslt in nniification of the
3'-teninal qnce of 5.8S rNA

A key element of the 606 ribosome is 5.8S rRNA. This
caqxiat is involved in the ribosoma acceptor site into which amnocayl-tM binds. It also
resides in the gral 1ocatiin of the lesion resulting from Shia toxin inactivatian of
ribosomes. ihe main oa1dusin drawn fron all of our function data is that &iga toxin

modifies a ri-bsmzal componet 4uch is part of the a ptr site. Thus, 5.8S rRA from Ship
toxin inactivated axd ccntrol ribosomes vas exunrd ax rre closely. To date, we have seqtzred
the 3'-Taiinu of these 5.8S rRNAs. It is carluded that seuen of nucleotides numtered
115 through 158 (the Y-terminus) are identical in contol and toxin-treated samples. The
tacin-treted sample is shmr in Figure 5. We are presently eamining the 5'-terminus of 5.8
rRNA, as well as the 5' and 3'-termini of 5S and 28S rftA species. TIhs is deemed inqxtant
beause rewval of short (I-1QJ) stretches fram these rRMA species may not have been detected
by our pwreious protocol, but could cause significant reduction in 6M ribosome biological
acitivity.

Fig.5. Effect of 9iiga toxin on

3'-terminal sequence of 5.8S
rRNA fran 6CS ribosrarl sub-
units of toxin-treated retic-
ulocyte polysares.

--

2')



Discussion of Results

a. Irtiation of Protein Synthesis

It seem quite cear fram the data obtained on this part of the project that Ship toxin
is not a primary inhibitor of the initiation process, Thus, -ip toxin is without effect on
each of the individual steps of initiation as depicted in Scheme "A". This being the case, a
working hypothesis has evolved which implicates Ship toxin as strictly being a ribosome
inactivator. Structural modification of the 60S ribosaral subunit most likely results in a
single major functional chaug, ramely inhibition of aminoacyl-tfA binding to ribosomes, a
process which requires elongation factor 1. In simple terms, this explains why higa toxin
inhibits elongtion rather than initiation of peptides.

b. Elntion of Protein Synthesis

As described above, Sip toxin modifies 6M ribosores by an enzymatic process to cause a
functional lesion in the EF-1-dependent elongation step. The basic question remains as to why
FF-1 does not react fully with toxin-treated ribosomes. It is beheved that the answer to
this will come only when the structural modification in ribosomes is identified.

Cr most recent data indicate that Sip toxin does rot inhibit EF-2-depffxkt
reactions. Thus, its primry effect is on EF-1-depmdent reactions.

c. Ribooml Proteins

In order to identify the physical modification Shiga causes in the 6CS ribosome one must,
at a maximim examir the 47 ribczral proteins for changes in size or charge. This is most
easily accomplishd by the technique of 2-D gel electrophoresis as -we have performed.
Separation of proteins in the 1st dimnsicon is a fuction of charge. Since most of the
r-proteins are basic, they will carry positive charges at pH 8.6, and migrate toards the
cathode. However, because some of these r-proteins have isoelectric points betwee pH 10 and
11 (mre basic then histones) it is probable that small changes in charged amino acids an
these proteins would go undetected by electrophoresis at pH 8.6. Thus, we have also started
to examine these proteins by running the 1st dimension at either pH 9.6 or 10.6. The second
d onsicn separation is based on size ecusion of proteins from the pores of a high per-
centage polyarylamde matrix. Smiler proteins run faster through the gel than do larger
proteins. Results from this study have not shown reproducible differeces betNeen protein
patterns from control vs. Ship toxin-treated ribosomes. However, a complete eomiretin of
the r-proteins with the varied conditicns is yet to be completed

d. Ribosomal RfAs

Of the three rNA spies present in 60S ribosomes, we have been unable to detect a
chnge in their size as a result of Shiga toxin action on ribosaes. 1he limit of detetia,
for size changes is approximtely 10 nucleotides. As a positive control, we have had little
difficulty resolving a 480 nucleotide fragrent released fran 28S r1fA by alpha sarcin toxin
action on 6CS ribosomes. The data presented in this report, together suggest that Ship toxin
has a mode of actin different from that of alpha sarcin.

As mentioned earlier, Ship toxin ray have specific exonuclease activity 4xxeby, 1 to 10
nucleotides are removed from either the 3' or 5' termini of the 5S, 5.8S or 28S rfs. This
can only be determirned by sequecing of the termini of these rRAs. Initial sequencing data
of the 3' terminus of 5.8S rNA indicates that this Ship toxin does not have its action at
this site. The 5.8S rFNA sequence has been strongly cai--seved throgh evolution. Our



seqne data etches very closely to that of yeast and muse hepatnm 5.8S rMdA and is
identical tuih the first 35 nucleatides starting from the 3' tnmm. We are preently in
the process of chking the other termini of rWeAs from Shig toxin-treated 6CE ribosomes.

Using this technique we would be unable to detect a differe-ce in these rRNA species
shuld only a few ntmrleotides be cleaved fran their termin by S4 toxin. Ths, we have
started to exine the rMNAs more closely by the Maxn-Gibert sequming procedure. The 5.8S
r A as been islated fran 9hi toxin-trated 6C ribcosnme, 3' en-abeled with [32p]
usin T4 RNA ligase, processed with tese-sjwcific chenical hydrolysis and resolved on a 12%
polya ryla-ie gel. An auoradiograph of this gel is presented in Figure 5. The nucletide
sequence revealed fran this pattern indicates that 3' terinius of 5.8S rRNA obtained from
Suig toxin-tr ted 60S riboscoes is virtually identical to that of publi i seq of
5.8S rRNA from other sources. The control 5.8S rRNA has just been sequencd and agrees with
this Wept.



Gonclusiats

The conlusions to be draw fran our experimentation to date are the followring:

1. Ship toxin does not significantly intibit initiation of eukaryatic protein
synthesis.

2. Ihe major functinal lesion caused by Ship toxin action on rihosomes is located at
the aminocyl-tRNA binding step of the peptide elongation process.

3. Ship toxin does not affect EF-2 reactios in peptide elnation.

4. We have confirmed a very recent report that S toxin specifically inactivated 6M
but not 4OS ribosomal subunits.

5. Ship toxin does not cause mjor electrophioretic of size changes in ribooml
proteins from 6S ribosares.

6. Both Ship toxin and alpha srcin were show to specifically inhibit the biological
activity of 6C8 ribosomes in protein synthesis.

7. Incubation of ribosomes with an iinibitory cnetration of either toxin yielded
fragmentation of ribosmal RNA only in ribosaes treated with alpha srcin.

8. Ship toxin and alpha sarcin appear to interact with f6 ribosomes in a different
utnr although both toxins cause a similar functioal lesion in aminocyl-tRNA
binding into the ribosomal A-site.

9. The 3'-tenrnus of 5.8S rRNA from S toxin-inativated 6M ribosomes is virtually

identical to that of control 5.8S rIJAs.

Recommxdations

Several modes of investigation my be pursued which will ultimately reveal, at the
biochemical level, the mechanisn by 4ich Si toxin inactivates eukaryotic ribosomes. 'fese
directions of study are the following:

1. Analysis or ribosml proteins using refined gel electrophioretic techniques as are
presently being applied in this project.

2. To caplete the sequece analysis of rRNA species of toxin treated vs. control
riboganes.

3. Application of the chenical crosslinking technique to this problem to help identify
the topgraphical location of Ship toxin binding aid modification site an 60S
ribosomes. Dat is, Si toxin, labeled with 1 I could be crosslinkA to
ribosomes using bifiuxtiaal chemical reagets and, following dise ciation of
ribosms into their protein and RNA components, the moiety to which the toxin is
attached would be identified. A line of experintation by 4iich to accomplish this
latter approach is presented in the contract rene l protocol.
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